Introduction
The ability to stabilize various geometries by steric hindrance offers an approach to the study of metal ions in less common coordination geometries. Seven and eight membered ring systems (1-3), containing two donor atoms were shown to exhibit the ability to confer various coordination geometries on the central metal ions due to their specific steric requirements and unusual chelate bite angle. Maximum metal ligand stability was achieved through multiple five-or six-membered chelate ring formation and/or due to effective shielding of the T Piperazine X=N Homopipera-X=N diazacyclozine (dach), octane X = S 1,4-dithio-(daco), cycloheptane X=S 1,5-dithio-(dtch). cyclooctane (dtco).
axial positions of the central metal ions when two eight-membered rings function as chelating agents in chair-boat conformations 1 " 8 . Any twisting or change in this conformation which opens the axial positions increases inter-and intraligand interactions within the molecule. Thus no octahedral bis-daco complexes were formed, and when nickel(II) and copper(II) salts were treated with daco, planar bis-complexes were obtained regardless of the anion or solvent present 3 . However, the geometry of the dach complexes of copper(II) was dependent on the solvent and the anion present, for both tetra-and pentacoordinated complexes could be prepared 9 . The boat/chair conformation of daco moiety and its effectiveness in blocking one axial position was evident from the crystal structure determinations of 1,5-diazacyclooctane-N,N'-diacetatoaquonickel(II) dihydrate, Ni(daco)2(C104)2 • 2 H20 and [Co(daco)2Cl] 10~11 . In all known cases chelation of 1,4-diheterocycloheptane and 1,5-diheterocyclooctane ligands causes blockage of at least one axial position.
Another interesting eight-membered cyclic diamine ligand is the title compound, PHZ, which can be viewed as daco having vibrational freedom of methylenes restricted because of their being fused to benzene rings. Molecular models indicate that the axial positions in the bis-PHZ complexes would be relatively open for further coordination. In the present paper we report copper(II), nickel(II) and zinc(II) complexes of PHZ, and their molecular properties are compared with the corresponding complexes of daco and dach. Structural assignments have been justified by magnetic, conductance, analytical and spectroscopic data. Thermogravimetric studies of these complexes are also reported.
Experimental
Material: Metal salts were from E. Merck and were used without further purification. Anhydrous nickel chloride and iodide were prepared by addition of the appropriate acid to nickel(II) carbonate, and the resulting solid was dried under vacuum at 115 °C. Other anhydrous salts were obtained from hydrated salts by shaking with 2,2-dimethoxypropane for at least one hour. All solvents were properly dried and distilled twice before using.
Ligands: The eight-membered cyclic amidine, PHZ, was prepared by the method of COOPER and PARTRIDGE 12 . The product was properly crystallized to achieve suitable purity. The cyclic diamine, 1,5-diazacyclooctane and a few of its complexes were prepared by the procedure reported earlier 4 . (Table I) (A) Synthesis of mono-complexes: The synthesis of mono-PHZ complexes was accomplished by mixing a solution containing anhydrous metal salts (0.005 mol) in about 25 ml of anhydrous butanol The procedure for the synthesis of bis-complexes was the same as procedure A except that excess (over 0.025 mol) of PHZ was used for every 0.005 mol of the metal salt. The zinc-PHZ complexes were prepared from hydrated metal salts (0.002 mol) by shaking with about 10 ml of 2,2-dimethoxypropane and 5 ml of ethanol for about two hours. The resulting solutions were deaerated with a stream of nitrogen gas for about 10 min and then added to an excess of PHZ (over 0.025 mol) solution in anhydrous ethanol. The complexes were recrystallized either from nitromethane or acetone. The elemental analysis was done by Dr. F. B. STRAUSS at Microanalytical Laboratory, Oxford, England. (Table II) The magnetic moments of the solid complexes were determined by the Gouy Method at room temperature. A double-ended Gouy tube was calibrated using Hg[Co(NCS)4] as the standard. Pascal's constants were used to correct the observed molar susceptibilities of the crystalline complexes for the diamagnetism of the ligand and anions involved 13 .
Synthesis and analytical data

Magnetic susceptibility measurements
Electrolytic conductance measurements (Table II)
The electrolytic conductance of the complexes were determined by a conductivity bridge made by Mullard, Inc. England. The conductivity cell was properly calibrated 14 . The observed conductivity was always corrected for the specific conductance of the pure solvent used. 13 Non-Elect.
--
Zn(PHZ)2Br2
23 Non-Elect.
Zn(PHZ)2(N03)2
18 Non-Elect.
--* Electrolytic conductance was measured in nitromethane at approx. 10~3 M at 25 °C. Magnetic moments were measured in the solid state by Guoy Method. 
Spectral measurements (Tables III-V) (A)
Visible and ultraviolet spectra of the complexes in different solvents were obtained with a JASCO UVIDAC-1 recording spectrophotometer using a set of matched 1 cm quartz cells. The absorption spectra were always recorded using freshly prepared solutions, although all the complexes were fairly stable in nitromethane, acetone and dimethylsulphoxide. The solid state spectra of a few complexes were also measured by placing a filter paper (Whatman No. 1) soaked into the Nujol Mull of the complexes, into the beam of the spectrophotometer.
(B) Infrared spectra of the solid complexes were obtained with a Perkin Elmer Model 577 spectrophotometer. The spectra were examined as Nujol Mulls supported on Csl or KBr plates.
(C) Nuclear magnetic resonance data were obtained in DMSO-de with a Varian Associates EM-360 Spectrometer using SiMe4 as external standard. Table VI) TGA of the complexes was done on a Recording Stanton (England) thermogravimetric balance.
Thermogravimetric analysis (TGA ) (
Analytically pure anhydrous complexes were used and triplicate measurements were made for each complex.
Results and Discussion
Characterization of the ligand and complexes
The PHZ behaves as a bidentate ligand and bears resemblance to daco in terms of chromophoric environment. Analytical data (Table I) daco with respect to nickel(II) complexes and the bulkiness of PHZ appears to have no great influence in directing the stereochemistry of the resulting nickel(II) complexes.
Copper (II) complexes
Both mono-and bis-complexes of PHZ are obtained with copper(II) salts. The magnetic moments of all copper(II) complexes at room temperature are found in the range 1.75 to 1.82 B.M., which are very close to spin-only values for one unpaired electron and are in the range normally observed for copper(II) complexes having no metalmetal interactions. In fact, no significant conclusion can be drawn from the magnetic data regarding the stereochemistry of copper(II) complexes. The electronic spectrum (Fig. 1 ) of bis-PHZ copper(II) complex exhibits two distinct absorptions of almost equal intensity with maxima at 12,300 cm -1 and 16,000 cm -1 . It is characteristically different from the spectra of planar copper(II) complexes of daco and dach 4 , which have only one broad band with maxima at about 20,000 cm -1 . The spectrum is also different from the spectra of trigonal bipyramidal complexes 15 but is found to be quite similar to the spectra of distorted six-coordinated complexes 16 -17 having chromophore CUN4O2. For copper(II) ion in tetragonally distorted octahedral environment three principal absorption bands are expected but only in few cases [18] [19] [20] been resolved either by Gaussian analysis or single crystal polarization studies, and are assigned to 2 Big -> 2 Aig, 2 Big -> 2 B2g and 2 Big^2Eg in order of increasing energy. The low-energy band at 12,300 cm -1 observed in bis-complex of copper(II) can be assigned to the transition 2 Big -> 2 Aig and the band at 16,000 cm -1 to the transition 2 Big-> 2 Big. Because of the low intensity of 2 Bxg -> 2 B2g, this band is usually not observed as a separate band in tetragonal compounds 18 -19 .
In contrast to the uni-univalent and uni-bivalent electrolytic behaviour for dach-and daco-copper(II) complexes 4 , the conductivity data for copper(II)-PHZ complexes in nitromethane indicate the pres-ence of unionized species having some ionic character at very high dilution. These data support a tetragonally distorted octahedral structure for bis-PHZ copper(II) complex.
The 1:1 PHZ-copper(II) complexes do not differ significantly from 1:2 complexes with respect to their electronic spectra except for a little shift in maxima, suggesting the presence of almost identical species in solution. The mono-complexes probably have a dimeric structure with bridging halides and the overall symmetry upon dissolution is almost distorted octahedral. This is further substantiated by the dissimilarity of the solid state spectra from the spectra in nitromethane, or dimethylsulphoxide.
As expected, the behaviour of PHZ-copper(II) complexes differ appreciably from that of dach-and daco-copper(II) complexes indicating that restrictions on the vibrational freedom of methylene carbons (especially carbon-3 and carbon-7 in daco) indeed renders the axial positions in the complexes open for fifth and sixth coordination forming distorted octahedral complexes quite common for copper(II) ion.
Nickel(II) complexes
The nickel(II) complexes prepared in this study are quite stable in the solid state even in the presence of moisture. In general, the complexes decompose in hydroxylic solvents and are insoluble in non-polar solvents. The conductance measurements in nitromethane show that all of these are uni-bivalent electrolytes. Attempts to isolate monocomplexes of the formula Ni(PHZ)X2 where X = Cl, Br, NO3 were unsuccessful. The visible spectra of the solutions of continously varied stoichiometry show that the position of the maximum remains the same and the absorbance varies proportional to the concentration of the ligand for the constant amount of metal salts, till 2:1 ligand:metal stoichiometry. Addition of excess of PHZ has no effect on the position or intensity of the maximum showing that the complex in solution corresponds to the species Ni(PHZ)2+ 2 .
The electronic absorption spectra of the complexes in the visible region (Fig. 2) are typical of planar nickel(II). The iAig-^Aog transition (D411 symmetry) at 22,700 cm -1 was independent of the solvent or anion present and is identical in shape and intensity to that observed for other planar nickel(II) complexes 3, 4, 21, 22 The diamagnetism and uni-bivalent conductance are consistent with a planar structure for nickel(II) as shown in Fig. 3 . The Ni(PHZ)2 +2 species are quite unreactive like Ni(daco)2+ 2 . Knowing that Cu(PHZ)2+ 2 ion can easily accomodate fifth and sixth ligands in the coordination sphere, a simple steric effect cannot be invoked for the unreactivity. A possible explanation may be that the strong field induced in the zy-plane by the ligand coupled with the crystal field stabilization energy for the d 8 system, prevent incoming axial ligands from effectively interacting with the filled d22 orbital. Steric requirements of PHZ are different from daco and dach, yet all three form planar complexes with nickel(II).
Zinc complexes
Only bis-PHZ complexes are formed with zinc(II) salts. Attempts to synthesize mono-complexes of the type Zn(PHZ)X2 were not successful. The conductance data in nitromethane indicate nonionic species. Nuclear magnetic resonance data of the free ligand obtained in DMSO-dö show chemical shift values of 6.59, 5.61, 4.29 and 2.05 ppm for the aromatic, amine, methylene and methyl protons, respectively. The aromatic proton resonance is observed as a multiplet which contains four major components. In estimating the chemical shifts of these protons the centre of the multiplet was taken into account. The N-H protons are observed as broad singlets. The methylene protons occur as a doublet indicating non-equivalence of these protons. The methyl protons appear as a sharp singlet. The integrated intensities of the signals agree well with the required values. In all zinc(II) and nickel(II) complexes, essentially the same chemical shift values were observed as for the ligand except for the N-H proton resonance which was shifted slightly suggesting coordination through N-H groups.
Since no zinc(II) complexes with any cyclic diamine has so far been reported, structural comparisons are somewhat difficult to make. In view of the well-known tendencies of zinc(II) to form tetrahedral complexes, such structure may be proposed for PHZ-zinc(II) complexes with PHZ acting as a monodentate ligand. This structure would be consistent with the non-electrolytic behaviour of these complexes and with the IR spectra in which both coordinated and uncoordinated amine groups are observed.
Infrared spectral studies
The infrared spectrum of PHZ has a sharp absorption band at 3350 cm -1 assigned to uncoordinated N-H frequencies. In metal complexes this band significantly shifts to lower frequency (3180 cm -1 ) and is broad suggesting the participation of N-H group in coordination. Another fairly strong band at 1610 cm -1 in PHZ also becomes broad and diffuse on complexation. In zinc(II) complexes two bands at 3350 cm -1 and 3180 cm -1 are observed indicating the presence of both coordinated and uncoordinated -NH groups.
Metal-ligand vibrations in the complexes are difficult to assign on an empirical basis since their frequencies are sensitive to both the metal and the ligand. Of several bands observed in the low energy IR regions, some of them may be tentatively assigned to v(M-N) and r(M-X) by comparison of IR spectra of the free ligand and its metal complexes. A band at 410 cm -1 in PHZ is shifted and split into two bands at 435 and 460 cm -1 in the complexes, which may be due to the formation of a coordinate bond between metal and the nitrogen. All zinc(II) complexes show another strong infrared band in the region 315-335 cm -1 . This band is dependent upon the anion present and is not observed in the case of copper(II) and nickel(II) derivatives.
Cyclic Amidines Complexes
Infrared spectra of nitrato derivatives contain bands that can be assigned both to ionic and monodentate nitrate groups. For example, nickel complex Ni(PHZ)2(NO)3, exhibits bands which can be assigned to an ionic nitrate group. Such a band is absent in analogous halide complexes. The nitrato complexes of copper(II) and zinc(II) exhibit bands around 980 cm -1 and 1310 cm -1 assigned to Ai modes associated with a monodentate nitrate group 23 .
Thermogravimetric studies
The thermal stabilities of PHZ complexes differ significantly from one another indicating a difference in their structures. The heating curves of anhydrous nitrato complexes M(PHZ)2(N03)2 whereM=Cu(II), Ni(II) and Zn(II), show the detachment and vaporization of one ligand molecule and N2O5 moiety in the temperature range 250-300 °C. It is remarkable that the second ligand molecule stays on and vaporizes very slowly from 350-500 °C leaving metal oxide as the residue. In Ni(PHZ)2X2 complexes both ligand molecules are lost in the temperature range 250-350 °C leaving the corresponding metal halide as the residue. The vaporization of both PHZ molecules at the same time may be an indication of the equivalence of PHZ moieties in nickel(II) complexes. In the case of zinc(II) complexes, Zn(PHZ)2X2, X = CI, Br, the first PHZ molecule evaporates at the temperature 250-320 °C whereas the second PHZ moiety is lost in the range 350-500 °C. The thermal behaviour of the complexes may be summerized by the following set of equations. 
